
C h a p t e r  I I I  ♦  H e a l t h  o f  N a t u r a l  S y s t e m s  a n d  R e s o u r c e s  ♦  3 3

3.3 Summary and Current Status of
Oregon’s Estuarine Ecosystems

James W. Good
Coastal Resources Specialist, Oregon Sea Grant and

Director, Marine Resource Management Program, College of Oceanic and Atmospheric Sciences, OSU

Report Card
Available evidence on the health of Oregon’s estuaries is mixed. Some estuarine indicators demonstrate the signifi-
cant adverse effects of past and present human activities; conversely, others show the positive impact of recent
protective measures. Other indicators suggest continued threats and risks to estuaries, or raise concerns about long-
term, cumulative effects of change. Limited data availability for most indicators makes for high scientific uncertainty
and underscores the need for more focused research and regular monitoring.

• Historic loss of tidal wetlands is high, but restoration of diked former wetlands is reversing loss trends, increas-
ing habitat availability and the functionality of estuaries for juvenile salmon and other estuary-dependent
species.

• Estuarine habitats are well protected from some potential disturbances like dredging, filling, and other major
physical alterations.

• Aquatic nuisance species are already well established in most Oregon estuaries; new arrivals and potential
introductions pose unknown threats to native species and estuarine ecosystem function generally.

• Freshwater inflow to estuaries is below historic levels, particularly during summer months, based on appropri-
ated withdrawals. The ecological impacts of these changes are not known, but projected growth in coastal
population and water use suggest the need for research to determine impacts and the need for minimum
estuary inflows.

• Water quality is insufficiently monitored to draw
conclusions about the condition and risks
associated with increasing point source and runoff
pollution introductions that can be expected as
population grows.

• Principal threats to estuaries today are continued
physical alterations, mostly shoreline modifica-
tions for upland development and dredging for
navigation projects; invasions of aquatic nuisance
species; excessive sediment and runoff pollution
from local and watershed sources, and other
pressures associated with population and tourism
growth.

Indicators
1. Change in area of estuarine habitats (acres and

percent).

1a—Change in overall estuary area

1b—Change in area of estuarine tidal marsh and
swamp habitat.

1c—Change in area of eelgrass beds.

2. Area of estuarine habitats protected (acres and
percent).

3. Aquatic nuisance species (occurrence and extent).

4. Freshwater inflow (flow rate and timing).

5. Estuarine water quality trends.
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Introduction
Oregon’s twenty-two estuaries (Figure 3.3-1) are ecological
transition zones, integrating features of the watersheds they
drain with those of the marine environment. Physical char-
acteristics strongly influence the structure, functions, and ca-
pacity of estuaries to provide valued ecosystem goods and ser-
vices. Some of these physical characteristics are similar for
most estuaries along the coast—the amount of precipitation,
solar heat input, and tide levels at river mouths, for example.
Other characteristics, such as the estuary size and shape, wa-
tershed area, geology, land use, and river gradient make for
variety among Oregon estuaries. Regional ocean conditions
also strongly influence Oregon estuaries. For example, ocean
upwelling or storm events can change water properties in es-
tuaries throughout the region within just one or two tidal
cycles (Hickey, 1999).

Estuaries are biological “hot spots” along the coast. They are
permanent or temporary home to a wide variety of organ-
isms—some of marine origin, others from upstream, and some
unique to the mixing zone. Biological productivity in this
mixing zone is especially high, fueled by an abundance of
food and tidal energy. Estuarine habitats—marshes, eelgrass
beds, mudflats and tidal channels (see: Figure 13, “Estuary
Habitats” in SOER Statewide Summary)—serve important roles
in the life cycles of marine and anadromous species like crab,
salmon, herring, migratory waterfowl, shorebirds, and hun-
dreds of less well-known species.

Because estuaries experience great variability in temperature,
salinity, tides, and river flow, estuarine ecosystems and the
organisms found there are highly naturally resilient to distur-
bance. However, the cumulative effects of human alterations
such as filling, diking, dredging, and wood removal; the in-
troduction of non-indigenous species; and excessive waste
disposal have reduced the functional capacity and natural re-
siliency of these ecosystems.

Humans have been attracted to estuaries for millennia. Na-
tive peoples built their villages along their sheltered shores,
harvested the abundant salmon, oysters, and other fish and
shellfish, and used them for local transportation and trading.
Early white settlement of the coast also centered on estuaries,
with early cities at Astoria, Newport, Reedsport, and Coos Bay
(then Marshfield). White settlers were attracted to estuaries
by transportation convenience, and access to seemingly inex-
haustible natural resources. Coastal rivers were used to trans-
port logs down to estuaries for storage, processing at local mills,
or shipment to distant markets. The 20th century saw growth
of existing and new settlements; improvements in ports and
navigation; industrial and commercial development; and com-
mercial and recreational exploitation of salmon, oysters, and
other living resources. In recent years, residential and recre-

Figure 3.3-1. Oregon’s principal estuaries and
coastal watersheds.
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ational development have replaced industry along some es-
tuary shorelines, bringing with it demands for more shore-
line public access and amenities.

Today, a variety of local, state, and federal laws, regulations,
and programs are in place to govern the actions of a diverse
group of public and private estuary and shoreline users.
Subtidal and intertidal lands and natural resources in estuar-
ies are mostly state owned and managed, although there is
some federal ownership of wildlife refuges and recreation ar-
eas, and concurrent federal regulatory jurisdiction over some
uses and activities. A significant fraction of estuarine lands
are in private ownership—mostly tidal marshes and swamps
above the mean high tide level, and tidelands that were sold
off by the state early in the 20th century. Land along estuary
shorelines is almost exclusively in private ownership and con-

trol, although local governments are required by land use laws
to give preference to water-dependent shoreline uses.

Definition and indicators of
estuarine ecosystem health
From the ecological perspective, estuaries are healthy when
they provide for sustained biological productivity and essen-
tial ecological processes, and the maintenance of biotic com-
munities, native species, and genetic and demographic diver-
sity. From a more human-centered perspective, healthy es-
tuarine ecosystems provide sustainable yields of fish, shell-
fish, wildlife, and host of less visible species they depend upon.
Estuaries provide sustainable flows of other valued ecosystem
goods and services, such as clean water, and flood and ero-
sion mitigation as well. Yet another way of evaluating estua-
rine health is to ask whether or not the public and private

Table 3.3-1. Estuarine ecosystem health indicators: type, frame of reference, significance,
and principal data sources.

Indicator and Type1 Reference
C o n d i t i o n

S i g n i f i c a n c e Data Sources

1 – Change in area of
estuarine habitats (acres
& percent)
1a—estuary-wide
1b—marsh / swamp
1c—eelgrass

Type 1 & 2

Pre-Euro-
American
settlement area

Directly measures
structural integrity and
habitat diversity;
indirectly measures
functional integrity

Thomas, 1983
Boule and Bierly, 1987
Cortright et al., 1987
Simenstad and Feist, 1996
Hoffnagel et al., 1976
Steve Rumrill, pers. com. 1999
Kathy Taylor, pers. com. 1999
Good, 1999
ODSL, 1972
USEPA, 1998

2 – Area of estuarine
habitats protected (acres
& percent)

Type 3

Habitat area in
1977 when
estuary plans
were initiated

Measures outcomes of
policies to protect
remaining estuarine
habitat and species

Cortright et al., 1987
Fishman Environmental
Associates,1987
Good et al., 1998
Good, 1999

3 - Aquatic nuisance
species (occurrence &
extent )

Type 1 & 2

Pre-Euro-
American
settlement native
species (none)

Measures health of
estuarine biological
c o m m u n i t i e s

Carlton and Geller, 1993
Paul Heimowitz, pers. com. 1999
John Chapman, pers. com. 1999
Steve Rumrill, pers. com. 1999

4 – Freshwater inflow
(flow rate and timing)

Type 1 & 2

Estimated pre-
Euro-American
settlement flow

Measures the integrity
of estuarine mixing
processes

Bastasch, 1998
Quigley et al., 1999

5 – Estuarine water
quality trends

Type 2 & 3

State water
quality standards

Measures physical,
biological, and
chemical integrity of
estuarine waters

NOAA, 1998
Skelton, 1999 (DEQ data)
Greg McMurray, pers. com., 1999

1 Indicator Type 1: Ecosystem structure- and function-based; Type 2: Ecosystem goods- and services-based;
Type 3: Environmental policy-based
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decisions with potential to affect ecosystem health are con-
sistent with local, state, and national policy and with prin-
ciples of sustainability.

Each of these perspectives is useful in selecting meaningful
indicators. However, choosing indicators is complicated by
an incomplete knowledge of how estuaries function and what
is most important. High natural variability in climatic and
oceanographic conditions influencing estuaries and the lack
of good baseline data and regular monitoring of estuarine
conditions and changes present additional challenges. Nev-
ertheless, much can be gained by compiling, organizing, and
analyzing the data that are available.

Five indicators of estuarine ecosystem health were selected
for this report (Table 3.3-1). The choice of indicators was based
on their significance as measures of ecosystem health or con-
dition, their sensitivity to environmental change, and the avail-
ability of sufficient data to draw conclusions about the direc-
tion of change. Three of the indicators are measures of physi-
cal or biological structure and function. Each of these can also
be directly or indirectly related to significant attributes that
the public values—clean water, and high quality habitat for
fish, crab, clams, and wildlife, for example. Two indicators
measure the on-the-ground outcome of environmental poli-

cies designed to protect these valuable ecosystems and re-
sources.

Current conditions and trends
Indicator 1: Change in area of estuarine habitats
(acres and percent). Most Oregon estuaries have been sig-
nificantly altered historically, mostly through the diking and
draining of estuarine marshes in the early to mid-1900s for
pasture and other agricultural use. Filling of intertidal lands
for urban and port development up through the late 1960s
further reduced the area of estuaries, as ports grew and navi-
gation channels were deepened to support that growth. At
the time, these changes stimulated economic growth and there
was little concern or appreciation for the ecological damage
being done. Not until the 1960s did growing public concern
over these practices lead to new laws that dramatically reduced
filling and prohibited new diking. In recent years, prelimi-
nary evidence suggests that restoration of tidal wetlands has
begun to reverse loss trends. Implementation of salmon and
watershed recovery plans will likely accelerate this trend.

Current conditions and trends in habitat examined here in-
clude (a) change in overall estuary area, (b) change in tidal
marsh-swamp area (the most altered of estuarine habitat types),

Table 3.3-2. Change in total area and area of tidal wetlands (tidal marshes and swamps) for
Oregon’s 17 largest estuaries, due to filling and diking that occurred from about 1870 to 1970.

E s t u a r y A c t u a l

1970 Area (acres)1
Diked or

F i l l e d
 Estimated

1870 Area (acres)3
Percent Change

( 1 8 7 0 - 1 9 7 0 )

T i d a l
W e t l a n d

T o t a l
E s t u a r y

T i d a l

W e t l a n d 2
T i d a l

W e t l a n d
T o t a l

E s t u a r y
T i d a l

W e t l a n d
T o t a l

E s t u a r y

Columbia 16,150 119,220 30,050 46,200 149,270 -65% -20%
Necanicum    132   451 1 5          147 4 6 6 -10% -3%
Nehalem    524     2,749 1,571       2,095 4,320 -75% -36%
Til lamook    884     9,216 3,274       4,158 12,490 -79% -26%
Netarts    228     2,743 1 6          244 2,759 -7% -1%
Sand Lake    462   897 9          471 9 0 6 -2% -1%
Nestucca    205     1,176 2,160       2,365 3,336 -91% -65%
S a l m o n    238   438 3 1 3          551 7 5 1 -57% -42%
Siletz   274     1,461 4 0 1          675 1,862 -59% -22%
Yaquina 6 2 1     4,349 1,493       2,114 5,842 -71% -26%
Alsea    460     2,516 6 6 5       1,125 3,181 -59% -21%
Siuslaw    746     3,060 1,256       2,002 4,316 -63% -29%
U m p q u a 1,201     6,544 1,218       2,419 7,762 -50% -16%
Coos Bay 1,727    3,348 3,360       5,087 16,708 -66% -20%
Coquille    276     1,082 4,600       4,876 5,682 -94% -81%
Rogue 4 4   880 3 0            74 9 1 0 -41% -3%
Chetco 4 1 7 1 5 9 1 7 6 -56% -3%
TOTAL 24,176 50,436 74,612 -68% -24%
Data Sources:
1 Cortright et al., 1987; Thomas, 1983
2 Filled lands (Oregon Division of State Lands, 1972); Diked lands (Thomas, 1983; Boule and
Bierly, 1987; and unpublished data compiled by Cziesla, O’Keefe, Gupta, and Good, 1999).
3 1870 area estimates were derived by adding area of diked and filled land to 1970 area estimates.
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and (c) change in eelgrass area. Change in the area of other
habitats, such as tide flats, and change in habitat characteris-
tics, such as modified versus natural shoreline, or the length
of tidal creeks, are also useful measures, but data for these are
not available.

Indicator 1a—Change in overall estuary area. Pre-settlement
estuary area compared to present-day area provides a first-
order measure of change in the structural and functional in-
tegrity of estuarine ecosystems, as well as their capacity to
provide valued ecosystem goods and services. The combined
area of Oregon’s estuaries prior to major alterations (~1870) is
estimated to be about 221,000 acres, as compared to about
160,000 acres in 1970—a 24 percent reduction in size (Table
3.3-2). Among individual estuaries, loss of area ranges from
81 percent to less than one percent. Since 1970, very little
additional estuarine habitat has been lost, owing to strong
protective measures put in place (see Indicator 2). In fact, loss
trends have actually reversed in recent years, as diked tidal
marshes are restored to tidal action.

Indicator 1b—Change in area of estuarine tidal marsh and
swamp habitat. The area of tidal marsh and swamp habitat
today as compared to pre-settlement times is a more reveal-
ing indicator of estuarine ecosystem change than overall
change in estuary area. Because they are along the edges of
estuaries at the higher tidal elevations, forested swamps and
emergent marshes were the most easily altered estuarine habi-
tat—some were filled, but most were diked for agricultural
use. Between 1870 and 1970, combined losses of these estua-
rine habitats totaled more than 50,000 acres for all estuaries
combined, or 68 percent of original acreage. Within individual
estuaries, losses ranged from 94 percent to two percent.

The former estuarine marshes that were diked are of special
interest because they are relatively easy to restore, as com-
pared to lands that were filled and developed. Restoration of
these areas is attractive for several reasons. First, they have
very high primary productivity and the grasses and sedges
that grow there serve as a primary source of detritus, the foun-
dation of the estuarine food web. They also serve directly as
habitat for many fish, shellfish, invertebrates, birds, and other
wildlife. The status of these estuarine habitats has received
increased attention in recent years with the decline of Pacific
salmon and listing of certain stocks under the Endangered
Species Act. Coastal watershed councils are identifying op-
portunities for restoration of former or degraded wetlands and
implementing projects, spurred on by a growing appreciation
of the important functions that estuaries serve in salmonid
life cycles. Most of these sites are former marshes that were
diked but no longer serve agricultural uses. Some of this res-
toration is planned and carefully monitored. Other restora-
tion is inadvertent, as dikes or tide gates fail, allowing the ebb
and flood of the tide to passively reclaim estuarine habitat.

Good data on restored habitat are available for only a few
Oregon estuaries. In the Salmon River estuary, the U.S. Forest
Service has restored 300 acres of salt marsh as part of a whole-
estuary restoration plan and scientists have been monitoring
restoration progress for more than 20 years (Robert Frenkel,
pers. com., 1999). In the South Slough of Coos Bay, approxi-
mately 200 acres of salt and freshwater tidal marshes are be-
ing restored as part of an experiment in ecological restoration
by National Estuarine Research Reserve scientists (Steve
Rumrill, pers. com., 1999).  In the Columbia River estuary,
somewhat less than 1,000 acres of formerly diked tidal marsh
has been restored (Kathy Taylor, pers. com., 1999). In Siletz
and Nestucca Bays, and the Coquille estuary, the US Fish and
Wildlife Service has restored hundreds of acres of diked salt
marsh to tidal flow as part of an effort to improve habitat in
the National Wildlife Refuges. Finally, a recent aerial recon-
naissance survey of all Oregon estuaries identified 49 prob-
able formerly diked sites that had been breached, but acreage
was not included for most sites (Simenstad and Feist, 1996).

Historical habitat loss combined with estimates and projec-
tions of habitat restoration conceptually illustrate historic,
recent, and projected change in estuarine habitat (Figure 3.3-
2). Projections are based on the increasing emphasis being
given to estuarine restoration and the very low habitat loss
experienced in recent years (see Indicator 2).

Indicator 1c—Change in area of eelgrass beds. Native eel-
grass beds (Zostera marina) are found along the lower fringes
of tidal flats and the shallow subtidal slopes they border. Eel-
grass serves a number of important ecosystem functions in
estuaries, providing spawning substrate for Pacific herring, a
direct food source for migrating black brant geese, an indirect
food source for detritus feeders, hiding and feeding areas for
young salmon, crab, and many other species, and stabiliza-
tion for the channels they border (Figure 3.3-3). Because the
size and density of eelgrass beds vary naturally by as much as
50 percent from one year to the next, long-term trends are a
more important indicator of estuarine health than yearly fluc-
tuations. In an inventory conducted in the mid-1970s, eel-
grass beds were found to be about 18 percent of total estua-
rine area, excluding the Columbia, where the estuarine eco-
system is dominated by freshwater inflow and eelgrass beds
are rare (Bottom et al. 1979). More systematic monitoring is
just getting underway in several estuaries and should provide
a basis for understanding natural variability and the effects of
human stressors, such as sedimentation, nutrients, and nui-
sance species (USEPA, 1998).

Indicator 2: Area of estuarine habitats protected
(acres and percent). Although a significant fraction of
Oregon’s estuarine lands have been converted to other uses
and some of the remaining areas degraded by pollutants, nui-
sance species invasions, and navigation improvement projects,
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most of the original habitat that existed in the mid-19th cen-
tury is relatively intact today. Protecting these habitats and
the flow of societal goods and services they provide has been
a high priority in Oregon for the last three decades. A number
of strategies and tools have been used to protect estuaries—
land and water use planning and zoning, regulation of physi-
cal alterations and waste disposal, and public acquisition and
conservation-based land management are among the most
important. Most of these approaches do not exclude all uses
and activities, but rather are “special management” areas or
zones, with some uses and activities excluded or limited to
protect important habitat and species. Protected areas can also
serve other functions, for example, as relatively undisturbed
“controls” for habitat restoration projects and other scientific
studies. They also provide hedges against the uncertainty as-
sociated with most resource management decisions.

Local coastal plans developed in the 1970s and 1980s follow-
ing state planning laws resulted in strong zoning protection
for estuaries. Ninety-eight percent of estuarine wetlands and
89 percent of subtidal areas were zoned for protection as ei-
ther Natural or Conservation management units (Figure 3.3-
4). Despite this protective zoning, the portions of estuaries
that have been set aside for development have proved more
than sufficient to meet demands (Good et al. 1998).

Plans alone provide little protection unless there are effective
regulatory mechanisms to implement them. In Oregon, local
governments regulate estuary and shoreland uses—port docks,
restaurants, marinas, and so on. Activities like dredging, fill-

Figure 3.3-2. Estimated change in the overall area of Oregon estuaries and area of tidal marshes
(including tidal swamps), 1870-2010. Data for 1870 and 1970 are from Table 2; values for other

dates are estimated to illustrate how losses might have occurred and how recent and projected
restoration may be reversing historic trends (adapted from Good, 1999).

Figure 3.3-3. Eelgrass beds, tidal creeks, and
marshes are good hiding and feeding areas for

young salmon.

(Sharon Torvik drawing, courtesy of South Slough National
Estuarine Research Reserve)
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ing, and in-water building, on the other hand, are regulated
by the Division of State Lands (DSL) and the US Army Corps
of Engineers (Corps). Criteria for issuing permits in estuaries
are stringent: proposed uses must be water-dependent; a pub-
lic need must be served; there must be no alternative upland
site that could accomplish the same purpose; and unavoid-
able impacts must be minimized and compensated for by habi-
tat mitigation. Between 1971 and 1987, just 19 acres of estua-
rine intertidal habitat was filled (0.03 percent of the 1970 base)
(Fishman Environmental Services, 1987). About five acres of
habitat were restored or created to compensate for part of that
loss. Dredging between 1971 and 1987 involved about 111
acres of estuary area, mostly subtidal areas for navigation chan-
nel maintenance. Although data have not been compiled by
the state since 1987, it is estimated that filling and dredging
acreage have continued to decline since then.

Public acquisition and management for conservation is an-
other important protection strategy for Oregon’s tidal wet-
lands. More than 10,000 acres of tidal wetlands in the Co-
lumbia River estuary are managed as wildlife refuges by the
US Fish and Wildlife Service. Three additional refuges in the
Nestucca, Siletz, and Coquille estuaries protect additional
wetlands. The South Slough National Estuarine Research Re-
serve in Coos Bay is protected for research, education and con-
servation, and includes 1,310 acres of estuarine habitats and
3,460 acres of upland forests—4,770 acres in all. Private con-
servation groups such as the Trust for Public Lands, The Na-

ture Conservancy, and local land trusts also hold some estua-
rine wetlands for conservation management.

Indicator 3: Aquatic nuisance species (occurrence
and extent). Some non-indigenous species found in estu-
aries are highly valued commercial or recreational species—
the Japanese oyster (Crassostrea gigas), striped bass (Roccus
saxatilis), and eastern softshell clam (Mya arenaria) are ex-
amples. Other introduced species, however, are recognized as
serious threats to the integrity of estuarine ecosystems, such
as the European green crab (Carcinus maenus). First found on
the west coast in 1989 in San Francisco Bay, green crab were
discovered in Coos Bay in 1996, and later in Yaquina and
Tillamook Bays. Voracious predators, green crab feed on mus-
sels, oysters, other crabs, shrimp, small fish, and a variety of
other organisms, creating potential impacts on local fisheries
through direct predation and indirect competition for prey
resources. Oregon biologists are also on constant lookout for
the Chinese mitten crab (Eriocheir sinensis), a species that has
become well-established in the San Francisco Bay and Delta
region, causing significant damage there as they burrow into
dikes.

Introduced species are estimated to make up significant com-
ponents of Oregon’s estuarine flora and fauna today. At least
30 percent of benthic organisms in Yaquina Bay are estimated
to be introduced species (John Chapman, pers. com., 1999).
In the Columbia, an introduced Japanese clam (Corbicula
manilensis) dominates tidal flats, while introduced zooplank-

Figure 3.3-4. Combined zoning acreage for intertidal and subtidal habitats in 22 Oregon estuaries.

(Data from the Oregon Estuary Plan Book, Cortright et. al., 1987)
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ton (e.g., the copepod Pseudodiaptomus inopinus) make up a
significant component of water column species. Scientists sam-
pling ballast water from 159 ships visiting Coos Bay between
1986 and 1991 found 367 species of invading organisms that
were ultimately pumped into the bay. All marine trophic lev-
els are represented—carnivores, herbivores, omnivores, deposit
and filter feeders, scavengers, parasites, and primary produc-
ers. Increasing international trade makes ballast water intro-
duction of non-native species a global problem.

Among invasive plants, Atlantic smooth cordgrass (Spartina
alterniflora) is considered a major ecological threat to Oregon’s
estuaries. Native to east coast, Spartina was inadvertently in-
troduced into Willapa Bay early in the 20th century along with
eastern oysters. The east coast oysters never thrived, but
Spartina got a foothold, is expanding rapidly today, and has
spread to other Washington estuaries (Kathleen Sayce, pers.
com., 1998). Spartina was also introduced into the Siuslaw
estuary, but active efforts to eradicate it there have apparently
been successful. Once established, Spartina can spread rapidly,
invading tide flats, displacing algae beds and mudflat dwell-
ers like oysters, clams, worms, shrimp, and other benthos. In
the worst case, a Spartina invasion could fundamentally alter
estuarine habitat structure and diversity, species assemblages,
and ecological processes and functions, although these eco-
system-level effects have not been validated. A hybrid rela-
tive, Spartina anglica, is also a significant threat, having in-
vaded northern Puget Sound wetlands (Simenstad, pers.com.,
2000).

Indicator 4: Freshwater inflow (flow rate and tim-
ing). Estuarine ecosystem health is in part dependent on
maintaining freshwater inflow within the range of natural
variability. The mixing of this fresh water with marine waters
from offshore creates the characteristic salinity regime for es-
tuarine plants and animals that makes estuaries so produc-
tive. Freshwater entering an estuary may also help dilute pol-

lution and promotes the flushing of wastes out of the system.

Coastal watersheds deliver relatively large quantities of water
to streams and rivers compared to other areas in Oregon.
Coastal basins produce 33.7 percent of Oregon’s average an-
nual discharge of water on 8.3 percent of the land in Oregon
(Bastasch, 1998). However, because there is no snow pack in
the Coast Range, streamflow tends to follow seasonal precipi-
tation patterns (Figure 3.3-5). Freshwater inflows may still be
within historic ranges during parts of the year, but summer
low flows are much less than historic levels, due to consump-
tive water use by municipal and other users of rivers or streams
flowing into an estuary. For example, consumptive water use
in the Coquille basin is nearly 80 percent of the total flow
available in late summer; in the Necanicum, a smaller north
coast watershed, consumptive water use is nearly 60 percent
of the total available (Quigley, et al., 1999, based on Oregon
Water Resources Department, Water Availability Report Sys-
tem data).

Many coastal communities now experience water shortages
during summers—their peak demand period. As coastal popu-
lation and tourism grow, more and more water will be with-
drawn from coastal rivers for municipal and other consump-
tive uses. The ecological consequences of gradually reducing
freshwater inflow to estuaries are not known and little stud-
ied. Estuarine salinity zones would be expected to migrate up
the estuary over time, in turn stressing and gradually chang-
ing the distribution of plants and animals, as well as opti-
mum locations for oyster farming and other uses. Freshwater
intakes in the upper estuary may also become brackish as salt
water migrates farther upstream.

Indicator 5: Estuarine water quality trends. Water
quality in estuaries and nearshore waters is strongly influenced
by high natural variability in climate and ocean conditions.
At a single estuary sampling site, for example, salinity, tem-
perature, dissolved oxygen (DO), turbidity, pH, nutrients, and
other measures may vary greatly from season to season, from
week to week, and from high water to low water during a
given day. Longer term climatic patterns like interannual El
Niños and La Niñas also affect water quality measurements.
Finally, the characteristics of an estuary—its size, shape, tidal
volume, freshwater inflow, flushing rate, and biogeochemical
cycling, as well as drainage basin geology, soils, and vegeta-
tive cover—also strongly influen

Water quality measurements in estuaries and nearshore wa-
ters reflect the combination of highly variable natural back-
ground conditions and human-caused pollution. Most pollu-
tion entering Oregon estuaries and nearshore coastal waters
comes from upstream sources or direct inputs. Point sources
such as municipal sewage, food processing wastes, pulp and
paper mill wastes, and other industrial discharges are impor-
tant sources in urbanized estuaries. However, runoff pollu-

Figure 3.3-5. Coastal watershed stream flows
typically follow seasonal rainfall patterns.
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tion such as dairy and other animal waste, leaky septic sys-
tems in rural areas, urban storm runoff, and sediment from
streamside erosion, construction sites, and logging operations
are also important, and especially difficult to detect and con-
trol. Other pollution comes from offshore marine sources—
spilled oil and marine debris are two examples that affect both
the open coast and estuaries.

Data for assessing water quality in Oregon’s marine and es-
tuarine environment are sparse. For example, NOAA’s National
Estuarine Eutrophication Survey found that 10 of 12 Oregon
estuaries surveyed could not be assessed because data were
lacking (NOAA 1998). Despite this, the study suggested that
Oregon estuaries—having large tidal prisms that promote good
flushing—had only low to moderate susceptibility to eutrophi-
cation, although the trend was probably toward worsening
conditions.

Skelton (1999) examined water quality data available from
the Department of Environmental Quality for nine estuaries.
For all nine estuaries, temperature and dissolved oxygen tend
to track expected seasonal patterns—warm with low dissolved
oxygen (DO) in late summer (approaching anoxic conditions
for some, such as Coos Bay), cold and higher DO in winter.
Estuaries surrounded by significant agricultural land uses—
Tillamook Bay and the Coquille, for example—have relatively
high to moderate fecal coliform concentrations, although
other estuaries exhibited occasional high levels following pe-
riods of high runoff. Generally, nutrient levels seem to be low
and decreasing over time in estuaries classified for manage-
ment as Natural or Conservation systems, but increasing in those
managed as Development estuaries. Given the limited data avail-
able, these interpretations must be viewed with caution.

Strengths, threats, and information
needs
Awareness of the importance of estuaries from the ecological
and human use perspectives has grown dramatically in the
past three decades in Oregon, providing cause for optimism
about the future of estuarine ecosystem health. Important
environmental policy initiatives have been implemented, pro-
viding long-term, secure protection from alterations for most
estuarine marshes, flats, and seagrass and algae beds. Efforts
to control point sources of municipal and industrial pollu-
tion have been relatively successful, and policies and programs
to control runoff pollution have been strengthened. Projects
completed recently for the National Estuary Program in
Tillamook Bay and the Lower Columbia River are another in-
stitutional strength, providing the coordination and clear
guidance needed for continued water quality and habitat im-
provement in those systems.

Habitat change trends have also reversed, with the large losses
experienced up through the 1960s being replaced by modest
gains in habitat in recent years as dikes have been breached

to restore salt marshes. However, to adequately quantify these
trends, more complete data are needed on recent regulatory
losses and gains, and on nonregulatory restoration of salt
marshes and other estuarine habitats.

Salmon recovery efforts have further raised awareness about
the importance of estuaries, through more focused assessment,
planning, on-the-ground habitat restoration projects, and
monitoring. Recent monitoring has demonstrated that juve-
nile salmon and many other species are using restored areas
in Coos Bay, the Salmon River estuary, and other locations.
However, additional monitoring is needed to better under-
stand the full range of ecosystem functions, goods, and ser-
vices that restored estuarine habitat (and undisturbed control
areas) provide. Such data are important in setting priorities
for the use of limited watershed restoration funds.

Increasing coastal population, new development, and the
growth of tourism could, if not controlled, overwhelm the
positive steps that have been taken in recent decades to pro-
tect and restore Oregon estuaries. Point source and runoff
pollution from watersheds, shoreline land uses, and oil spills
continue to threaten the quality of estuarine waters. New in-
troductions of non-indigenous species also pose serious threats
to the biological integrity of estuaries. Uncertainty about the
estuarine impacts of increasing water withdrawals in coastal
and Columbia basins also pose risks, as does the ecological
uncertainty surrounding Columbia River channel deepening.
There are numerous specific examples of these threats.

Eelgrass beds, for example, are at risk from three major large-
scale ecological stressors on Oregon estuaries: sedimentation,
nutrients, and introduced nuisance species. Sedimentation and
nutrient load to Oregon estuaries are increasing due to land-
use practices and human population growth, reducing water
quality and placing eelgrass beds at risk. Increased nutrients
may also stimulate algae blooms which can smother and up-
root eelgrass. Non-indigenous nuisance species also pose a
threat to eelgrass habitat in Oregon estuaries, particularly
Spartina, which can invade and displace eelgrass in at least
part of its tidal range (NOAA, 1998). Separately or in combi-
nation, these threats could shift the competitive advantage
from eelgrass to other species that provide less functional value
(USEPA, 1998).

There are many pathways for introductions of aquatic nui-
sance species, but the most significant source and threat to-
day is from ballast water discharged by ships calling at Or-
egon ports from locations throughout the world. Frequent
disturbance of existing habitat by natural events like seasonal
flooding, storm waves, and erosion, and human activities like
dredging, create new substrate that can be colonized rapidly
by these and other opportunistic species. Construction of float-
ing docks, piling systems, bulkheads, revetments, and jetties
provide additional substrates that are vulnerable to invasion
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by introduced species. Some invasions may be gradual, dis-
placing native species from their natural habitats over years
or decades. Human-induced stress and disturbance may fur-
ther increase the vulnerability of natural habitats to the es-
tablishment and spread of invasive species. Although the ef-
fects of invasions by non-native species are not well under-
stood, it is generally acknowledged that such invasions may
be widespread and of sufficient magnitude to precipitate pro-
found ecological changes in estuarine and nearshore marine
communities (Carlton and Geller, 1993).

Despite limited data availability on changes in freshwater in-
flow to estuaries, it was selected as an indicator of estuarine
ecosystem health because of its vital importance in the main-
tenance of characteristic estuarine plant and animal commu-
nities. To determine if minimum stream flows are needed for
estuaries, more information is needed about how flows have
changed over the past 150 years and what impacts those
changes have caused. Estimates of historic flow levels and tim-
ing prior to major watershed alterations and withdrawals are
needed. Such data are available for the Columbia (David Jay,
pers. com., 2000), but not for coastal basins. Once estimated,
these flows need to be compared to recent data, present with-
drawals, projections of future water needs for municipal and
other uses, and instream water needs for maintaining healthy
salmon and other aquatic resources. Studies are also needed
to analyze the effects and degree of effects that upstream wa-
ter withdrawal has on Oregon estuaries. With these data, the
risk of decreased freshwater inflow can be estimated and strat-
egies developed to maintain freshwater inflow at the mini-
mum levels for ecological health.

There is a significant lack of information about the current
condition of estuarine ecosystems in Oregon, especially in
contrast to original historical conditions.  Individual and cu-
mulative effects of land uses on Oregon’s estuarine ecosys-
tems have not been quantified or critically evaluated.  Water
quality in most Oregon estuaries is poorly understood because
of limited monitoring. This poses uncertain risks to consum-
ers of fish and shellfish harvested in bays, as well as to oyster
and other shellfish farmers. The new Environmental Moni-
toring and Assessment Program (EMAP) for estuaries provides
an opportunity to more fully understand estuarine water qual-
ity and related indicators (Greg McMurray, pers. com., 1999).
The EMAP assessment includes sampling of physical, chemi-
cal and biological indicators in three habitats—water column,
sediments, and sediment surface—but will not sample all es-
tuaries.

Projections and conclusions
The outlook for estuarine ecosystem health in Oregon depends
on many factors. Among the more important are population
growth, demand for fresh water, growth of tourism, efforts to
control pollution and prevent the introduction of aquatic
nuisance species, the integrity of estuary zoning plans, and
initiatives to restore and enhance estuarine habitats and coastal
watersheds. Without a robust, systematic approach to data
collection, monitoring, and research, Oregon will be unable
to develop meaningful, effective strategies and practices to
maintain or restore estuarine ecosystem health in the face of
any one or a combination of these factors.

Oregon’s permanent coastal population was about 350,000
in 1999, with numbers doubling or tripling during peak tour-
ist season. Statewide, Oregon’s population is expected to swell
from 3.2 million in 2000 to 4.6 million in 2020, with 80 per-
cent of the growth in the Willamette Valley. Many Orego-
nians living in the Willamette Valley will be part-time coastal
residents or at least regular visitors. The permanent coastal
population is also likely to grow as more retirees move to the
coast. Given this projected growth and other trends, the next
20 to 50 years are likely to result in significant changes in
Oregon estuaries. Recent trends suggest the following:

• Estuaries will continue to support a diversity of uses and
activities valued by society, including deep-water
shipping (Coos Bay, Yaquina Bay, and the Columbia
River estuary), home ports for fishing fleets, recreational
fishing and marinas, charter fishing, sailing, aquaculture
(oysters, clams, and mussels), waterfowl hunting,
birding, and other nature activities.

• The strong habitat protection provided by estuary
zoning plans likely will prevent significant new dredging
or filling for development, except for the Columbia,
where planned navigation improvements pose uncertain
threats to ecosystem health.

• Population and tourism growth, and resulting increased
water withdrawal from streams will reduce freshwater
inflow to estuaries, reducing flushing capacity for wastes,
changing habitat types and distribution, and posing
other unknown risks to these ecosystems.

• Fish and shellfish resources may decline due to increased
harvest pressure, particularly from recreational users, or
because of declining water quality.

• Understanding of the impacts of runoff pollution will
increase, as will the ability to pinpoint sources and
provide control technologies. Political considerations
and costs will determine whether problems persist,
increase, or are reduced.
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• The adverse impacts of introduced species will become
better known as scientists continue to study their
distribution, spread, and ecological interactions, but the
ability to prevent or limit introductions will remain
limited.

• Estuarine habitat area will continue to expand as former
marsh areas are restored or revert to salt marsh on their
own. This trend may lead to improved ecosystem health
and increase the supply of fish and wildlife habitat,
offsetting other losses.

• Competition for limited shoreline and estuarine surface
area likely will increase, with residential developers,
marinas, tourist businesses, and recreational users
challenging traditional users such as ports, fish proces-
sors, oyster farmers, and commercial clammers.

• Natural resource industries that use the estuary, despite
decline in recent decades, still will be important
economically and culturally.

• Urban shoreline changes will affect ecosystem health by
increasing the awareness of and need for ecosystem
protection and restoration; it will also create pressure for
expanding urban growth boundaries along natural
shorelines.

What data are available and how complete are they?

Data sources used in preparing this report are listed in the
reference section, with citations for specific indicators listed
in Table 3.3-1 and throughout the text. Specific caveats about
data quality and interpretation are also included in the text.
Generally, quantitative data for indicators were sparse or non-
existent, and data interpretation vis-à-vis estuarine ecosystem
health is based on the local  knowledge and professional judg-
ment of the scientists who contributed to or reviewed the re-
port. As such, overall confidence in the findings is at best mod-
erate. Nevertheless, this assessment is a good first approxima-
tion of estuarine ecosystem health. The significant progress
that has been made in protecting and restoring Oregon’s small
but important estuaries is cause for hope. However, the lack
of good data for key indicators suggests the need to develop a
better understanding of historic and ongoing change, as well
as ways to measure that change.

Finally, there may be better indicators than those used here
for tracking estuarine ecosystem health and sorting out natu-
ral versus human-caused change. Thus, this report should be
viewed as a beginning effort to characterize ecosystem health
and suggest causal factors for observed trends. It also presents
a challenge to the estuarine research and management com-
munity: good indicators of ecological health need to be iden-
tified, monitoring programs to track changes need to be im-
proved, and mechanisms need to be established for using the
findings to improve decision-making processes and land man-
agement.
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